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Graphical abstract
Introduction
In recent years, more consideration and a large number of papers have been published on the synthesis and characterization of substituted derivatives of ferrocene as typical organometallic species [1-3]. These kinds of compounds are currently receiving much consideration due to their increasing role in the rapid growing area of materials science. Therefore, the addition of cyclopentadienyl rings of ferrocene moiety into an organic compound, not only improves the electrochemical and spectroscopic behavior, but also increases the application range of these compounds [4, 5] . This is due to the fact that ferrocenyl derivatives are stable compounds, nontoxic, and have useful redox properties. From a redox perspective, ferrocene derivatives are also interesting as monoelectronic reservoir complexes capable to act as mediators in the redox-catalytic reactions.
Ferrocenyl Schiff base ligand may also be considered as one of the potential precursors for the ferrocenic compounds that have been studied in this context [6] [7] [8] [9] . Accordingly, several groups have reported diverse redox properties for various monoferrocenyl and diferrocenyl of bi-, tri-tetra-or polydentate Schiff bases ligands but most of them have essentially focused their efforts on the tetradentate Schiff base ligands [10] . These compounds display excellent biological activities in M A N U S C R I P T 
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Experimental
Materials and physicochemical characterization
All reagents were obtained from commercial sources and were used as received without any further purification. The purity of the synthesized compound was checked by TLC using aluminum plates, precoated with silica gel (60F, Merck). FT-IR spectra were recorded as KBr disks on a PerkinElmer 1000 FTIR Spectrophotometer while the UV-Visible spectra were obtained on a UNICAM UV-300 spectrophotometer using DMF solutions (A cell length of 1 cm ) was located at E 1/2 = 0.420 V, where E 1/2 was calculated from the average of the oxidation and reduction peak potentials. This redox couple was also used as reference in this study. Tetra-nbutylammonium perchlorate (TBAP) was used as supporting electrolyte and dichloromethane (DC), acetonitrile (AN), dimethylformamide (DMF) and dimethylsulfoxyde (DMSO) as solvents in all electrochemical experiments. All solutions were nitrogen purged prior to and during the experiments.
Synthesis of starting materials
Compound 1: 5-Chloromethyl-2-hydroxyacetophenone (1)
This compound was synthesized according to the procedure described in the literature [27 a].
Briefly, 170 mg (0.125 mmol) of 2-hydroxyacetophenone were added to a mixture of 10 mL of concentrated hydrochloric acid containing 675 mg (0.225 mmol) of paraformaldehyde. The mixture was maintained at room temperature under stirring for 48 hours until a precipitate is formed. The solid product was collected by suction filtration, washed with a solution of sodium hydrogen carbonate (NaHCO 3 , 50 %), then with water until neutrality, dried under vacuum and then recrystallized in a mixture of toluene and petroleum ether yielding 80 % of white crystals. 
UV-Vis
: λ max(n) (nm), ε max(n) [M -1 .cm M A N U S C R I P T A C C E P T E D
Compound 3: 5-(N-ferrocenylmethyl-N-phenyl)aminomethyl)-2-hydroxyacetophenone (3)
The 5 
UV-Vis
]: λ max(1) (255), ε max (1) [2140]; λ max(2) (307), ε max (2) [304]; λ max(3) (337), ε max(3) [285] . estimated to 78% and the purity was checked by silica gel TLC plates using only dichloromethane as unique eluent. surmounted by a condenser. The mixture was then heated to reflux, under nitrogen atmosphere and stirring for at least 6 hours. The mixture was cooled to room temperature and the solvent was reduced under vacuum, the resulting precipitate was filtered, washed with diethylether and air-dried providing 98 mg (yield 62 %) of the copper complex. 
: λ max(n) (nm), ε max(n) [M -1 .cm -1 ]: λ max(1) (255), ε max(1) [22550], λ max(2) (310), ε max(2) [3970], λ max(3) (335), ε max(3) [3190],
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Results and discussion
Physicochemical and analytical characterization
Microanalysis data obtained for the copper complex confirmed that it is a mononuclear complex. Therefore, the ligand:metal ratio was found to be 1:1 and the resulting copper complex can The structures of these synthesized compounds were confirmed by different spectroscopic techniques such as UV-Vis, FT-IR and NMR spectral data. Additionally, the elemental analysis data were found to be in good agreement with the proposed structures. Details of some spectral data are given below.
Spectroscopic characterization
FT-IR spectra
The FT-IR spectra of the starting products, the free ligand as well as its copper complex are listed in Table 1 , together with assignments of most of the major bands. Generally, in order to study the binding modes of the Schiff base ligand to the metal ions in their complexes form, the FT-IR spectrum of the free ligand was compared to the spectrum of its corresponding copper complex.
As it can be seen, the FT-IR data of all compounds exhibit similar features indicating the analogy of their molecular structures. All these synthesized compounds, except compound 2 and the 
Spectroscopic UV-Vis characterization
The electronic spectra were recorded using freshly prepared solutions in DC at a concentration of The 1 H NMR spectrum of compound 3 was recorded in DMSO-d 6 at room temperature using TMS as internal standard (Fig. S1A) . As it can be seen, the integral intensities of each signal were found to be in good agreement with the number of different types of protons of the studied structure.
The most important peak of this compound was attributed to the singlet centered at 11. 
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Electrochemical characterization
Due to its well defined reversible system, experimentally obtained at the accessible potentials, the ferrocenium/ferrocene redox couple Fc + /Fc (Fc = Fe(C 5 H 5 ) 2 ) has been established as one of the internal standards for calibration of electrochemical measurements and extensively investigated as an interesting redox mediator currently involved in the electrochemical studies [32-34].
In this study, we have explored the changes in the oxidation potential of ferrocenium/ferrocene redox couple using cyclic voltammetry (CV). All the synthesized derivatives were studied in the presence of tetra-n-butylammonium perchlorate (TBAP) as a supporting electrolyte with the use of four aprotic organic solvents commonly utilized in the electrochemical measurements:
dichloromethane (DC), acetonitrile (AN), N,N-dimethylformamide (DMF) and dimethylsulfoxide (DMSO). Therefore, this study was restricted to the use of only three solvents (DMF, DMSO and DC) for the Schiff base ligand (4) and its copper complex because of the low solubility of these compounds in acetonitrile medium.
Cyclic voltammetry characterization of Ferrocenyl derivatives
The electrochemical properties of the synthesized compounds were studied by cyclic voltammetry 10 -1 M TBAP and 2.10 -3 M of each sample in different solvents using a glassy carbon electrode.
The potential was scanned within the potential range of +1.6 to -2.2 V at 100 mV/s. Cyclic voltammograms of all studied compounds showed reversible redox couples of Fc + /Fc at about E 1/2 ≈ 0.45 V. In the next step, the CV was also adopted to investigate the electrochemical response of this system (Fc + /Fc) for all compounds between 0.2 and 0.8 V using various scan rates ( Figure S2 ). This redox couple was systematically observed in all voltammograms, recorded in the following pure solvents DC, AN, DMF and DMSO. The electrochemical data for these compounds are summarized in Table S1 . The main values shown in this table are i pa /i pc ratios, the peak-to-peak separation ∆Ep (Epa and Epc) for various scan rates and E 1/2 as the half-wave potential values (E 1/2 = (Epa+Epc)/2).
As it can be seen in Table S1 , the peak current ratio (i pa /i pc ) seems to converge rapidly to unity and it is therefore independent of the scan rate in all the explored media. The values of ∆Ep are higher than the ideal value of 60 mV for the Nernstian monoelectronic and reversible process system indicating some irreversibility of this process. As expected, the ∆Ep value seems to be sensibly increased in DMSO producing a well defined redox system. The values of the half-wave potential (E 1/2 ) were also found to be significantly shifted to the more anodic potentials and are also independent of the scan rate.
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13 Figure 2A , recorded in acetonitrile medium, showed that the redox peak currents of the ferrocenic system (i pa , i pc ) of compound 3 increase with increasing the scan rate. Their two anodic (E pa ) and cathodic (E pc ) potential waves also displayed an obvious shifting to the positive and negative potentials respectively as the scan rate increases. The peak to peak separation seems to be greater than 60 mV in all voltammograms even, at higher scan rates, which is an indication of fundamental slowness of the electron-transfer process. In addition, it was found that the obtained peak currents present a linear dependence versus the square root of the scan rate (Fig. 2B) as it is expected for a controlled diffusion process. The linear dependency of the anodic peak current with ν 1/2 was also studied with all the synthesized compounds in different media as presented in figure S3 . Detailed study of this effect for the copper complex is illustrated in Fig. 3 
Effect of scan rates
Effect of the Solvent on the Electrochemical Behaviour of Compound 3
Cyclic voltammograms of compound 3 recorded in various solvent are shown in Fig. 4 . It has been demonstrated that E 1/2 shifts towards the more anodic potentials according to the following order: AN<DC<DMF<DMSO. This order indicates that the oxidation reaction of ferrocene derivative to its ferrocenium cation is more and more difficult to be done from AN to DMSO.
In the present system, the electrochemical oxidation of ferrocene derivative corresponds to a reversible change between the neutral reduced form and the oxidized cationic form. The oxidized form is more sensitive to the interactions with the solvent molecules than the reduced neutral form. 
Conclusion
The ferrocenmethylaniline with other starting materials were successfully synthesized. So, 
Studied of Fc
+ /Fc redox couple using four aprotic organic solvents.
Redox properties of ferrocenyl derivatives and their effect on the Fc + /Fc system.
